Introduction {#sec0005}
============

Hemoglobinopathies result from mutations in the genes that encode the alpha (α) and beta (β) globin chains of the hemoglobin molecule (Hb). The abnormal Hb S is the result of a mutation that leads to the replacement of a glutamic acid with a valine at position 6 of the β chain, with consequent changes in the Hb molecule.[@bib0005]

In general, all symptomatic clinical forms of the presence of the Hb S gene, either homozygosis or in combination with another variant hemoglobin such as Hb C, or Hb D or in association with the β thalassemia gene are known as sickle cell disease (SCD). These are the most prevalent forms of all hemoglobinopathies and have the greatest impact owing to the seriousness of clinical manifestations.[@bib0010], [@bib0015], [@bib0020] Sickle cell anemia is the form of the disease characterized by Hb S homozygosis inherited from both parents (Hb SS).[@bib0025]

The World Health Organization (WHO) estimates that 270 million people carry genes determining variant hemoglobins and that every year 300,000 children are born with SCD.[@bib0030] It is the most prevalent hereditary disease in Brazil, affecting 25,000--30,000 people, with approximately 3500 children born with SCD annually. In the State of Pernambuco, the incidence is 1:1400.[@bib0035] The disease is thus a public health issue, associated with high infant morbidity and demands regular medical care, adequate housing and nutrition, and general health care.[@bib0040]

The disease\'s clinical variability results from a combination of hereditary and environmental factors. A newborn with SCD is generally asymptomatic due to the protective effect of fetal hemoglobin (Hb F) which, during this period of life, represents around 80% of the total hemoglobin. With the replacement of Hb F by an increase in Hb S, clinical manifestations begin to appear,[@bib0045] usually starting at the age of six months and lasting throughout the patient\'s life.[@bib0025], [@bib0050]

The first years are marked by hemolytic anemia and by vaso-occlusive episodes, dactylitis (inflammation of fingers or toes) or hand-foot syndrome, splenic hypofunction or sequestration, and a higher susceptibility to infections.[@bib0045]

Other clinical manifestations may affect SCD children, such as thoracic syndrome, cognitive problems, priapism (which may lead to sexual impotence) and damage to organs such as the kidneys, the lungs and the eyes, diminishing quality of life, generating incapacitation, and frequent stays in hospital for treatment or surgical procedures.[@bib0055]

Neonatal diagnosis, early prophylactic treatment with penicillin, prophylactic vaccination, follow-up by specialized services with periodic clinical evaluations, hospitalization in situations of risk, and early identification of splenic sequestration by mothers and caregivers have contributed to a reduction in mortality from 25% to approximately 3% in the first five years of life.[@bib0040], [@bib0060]

The National Neonatal Screening Program (NNSP), created by Resolution GM/MS no. 822/01,[@bib0065] enabled early diagnosis, treatment and follow-up of hemoglobinopathies. In the State of Pernambuco, according to Resolution GM n^o^. 452, of October 18, 2001[@bib0070] children with the diagnosis of SCD have been sent to a referral center since 2002 to immediately start treatment in a specialized multidisciplinary outpatient department and a specialized clinic.[@bib0075]

The NNSP includes early treatment and regular outpatient appointments of children after neonatal diagnosis.[@bib0065], [@bib0080] It is, however, difficult to achieve this, as several factors lead patients to miss medical consultations. An understanding of what hinders treatment has proved a challenge, as there has been little research on children\'s follow-up at the referral center after diagnosis at neonatal screening.

The aims of this study were to determine the geographic distribution of hemoglobinopathies in the State of Pernambuco, to characterize the children affected and to describe factors associated to the follow-up at the referral center in the period from 2003 to 2010.

Methods {#sec0010}
=======

A retrospective, cross-sectional, descriptive study was carried out of 275 (91.5%) medical records of a total of 302 children with hemoglobinopathies as diagnosed by the NNSP in the State of Pernambuco in the period from 2003 to 2010, who started treatment in the referral center, located at the Pernambuco Hematology and Hemotherapy Foundation (HEMOPE).

According to Datasus,[@bib0085] Pernambuco has an area of 98,311 km^2^ and a population of 8,810,318. Between 2003 and 2010, a total of 1,166,189 live births occurred in Pernambuco and 605,632 newborns were screened at public health care clinics.

The drawing of blood samples for neonatal screening is carried out at health care units located around the State. Blood samples are then taken to the Pernambuco Central Laboratory (LACEN), where they are processed and analyzed. Positive results for hemoglobinopathies are sent to the Neonatal Screening Referral Service, which refers the cases to HEMOPE, the only referral center in the state that performs treatment and regular outpatient follow-ups in a specialized multidisciplinary outpatient department.

For this study, data collection initially used the LACEN database; the NNSP identified 302 children with hemoglobinopathies. The records of 275 were found at the referral center and several factors were analyzed: diagnosis, region of residence, socioeconomic status of the family, age at first medical appointment, regularity of medical appointments, number of births to the child\'s mother, and the existence of siblings with hemoglobinopathies. Subsequently, the geographic distribution of the disease in the State was analyzed.

Microsoft Excel was used for data processing and analysis. The chi-square and the Fisher tests were used for statistical analysis. The level of significance was set at 5% (*p*-value \< 0.05). Terra View software[@bib0090] was used to analyze the geographical distribution of hemoglobinopathies in the State.

This study was approved by the Human Research Ethics Committee of the Prof. Fernando Figueira Institute for Integral Medicine (IMIP) and by the Pernambuco Hematology and Hemotherapy Foundation (HEMOPE) (protocols n^o^. 2084-11 and 043/2011).

Results {#sec0015}
=======

Of all hemoglobinopathy cases detected (*n* = 302) in the study period, 27 (8.9%) were not being treated in the referral center (HEMOPE). Of these, 14 were found in the LACEN database and the other 13 had been to the Referral Service (Hospital da Restauração), but did not start treatment at HEMOPE. Of all the detected cases, 20 (6.6%) were found at HEMOPE but were missing from the LACEN database.

After applying the Fisher test, no significant association (*p*-value = 0.1) was found between age at the first HEMOPE medical appointment and the place of residence. Family income had no influence on age at first medical appointment (*p*-value = 0.464) for families earning up to one minimum wage, and 78.8% of the children were taken to the outpatient department during the first six months of life ([Table 1](#tbl0005){ref-type="table"}). Again, family income had no influence on missing regular medical appointments at HEMOPE (*p*-value = 0.227).

The present study shows that, even in cities far from the State capital, such as the ones in the São Francisco Valley, 94.1% of children have their first medical appointment in the outpatient department within their first six months of life. Of those residing in Recife, 12.3%, have the first consultation between 13 and 24 months after diagnosis.

[Figure 1](#fig0005){ref-type="fig"}, [Figure 2](#fig0010){ref-type="fig"} show the geographic distribution of hemoglobinopathies in the State of Pernambuco, according to the child\'s place of residence stratified by region of the State and by Recife City Health District, respectively.

Of the children commencing follow-up in the first six months of life, most had sickle cell anemia (Hb SS); this corresponds to 79.6% of all cases of hemoglobinopathies. The level of schooling of parents (*p*-value = 0.168) had no influence on the child going to the outpatient unit or on not missing subsequent medical appointments (*p*-value = 0.691).

The fact that a sibling had a hemoglobinopathy was not significantly associated (*p*-value = 0.213) with the age of the child at the time of the first medical appointment.

Regular return visits to the referral outpatient unit for medical appointments was considered in respect to the number of appointments according to type of disease, as well as the agenda of the referral center.

Children with Hb SS and Hb SC returned more frequently to the outpatient unit, although they missed appointments rather often. Those with Sß thalassemia or Hb CC missed appointments regularly ([Table 2](#tbl0010){ref-type="table"}).

A total of 74.5% of the families with a child with a hemoglobinopathy did not receive the family allowance given by the government to poor, elderly or disabled persons. Of the families that received it, 77.1% had a child with Hb SS. The financial help had no influence on the regularity of return visits to the outpatient clinic (*p*-value = 0.543), although those who received it hardly ever missed medical appointments.

Of all the children covered by the study (*n* = 275), 76.4% were first-borns. Of the mothers who already had children with the disease, 64.2% were pregnant for a second time and 30.2% were pregnant for at least the third time.

As for the influence of the region of residence on regular return visits, the study showed that children living in the Zona da Mata region missed 45.2% of HEMOPE appointments, compared with 50% of those living in the Sertão and 55.6% of those from in the São Francisco Valley region ([Figure 3](#fig0015){ref-type="fig"}).

Discussion {#sec0020}
==========

This study shows that diagnosis of hemoglobinopathies using the Guthrie test does not guarantee treatment for all affected children, because 8.9% of positive cases are not being followed up at the referral center. This may be due to the fact that fetal hemoglobin strongly inhibits the sickling of red cells and is present in high percentages during the first months of life, thereby protecting children from the clinical effects of the disease. As there are no apparent symptoms, the parents do not go to the outpatient clinic, although they are informed of the importance of prophylactics and early follow-up.[@bib0095], [@bib0100]

Other factors that explain why children miss appointments are the quality of information on the disease, the availability of transport and the severity of the hemoglobinopathy diagnosed. Furthermore, it is difficult to carry out the whole procedure proposed by the NNSP in Pernambuco, as children with the disease receive the test results at the Central Laboratory, go to the referral service and then to the referral center, which is a complicated procedure.

HEMOPE is the only referral center for the treatment of children with hemoglobinopathies in the State. Once the disease has been diagnosed, children living in Pernambuco must go for specialized follow-up in the State capital of Recife. The present study shows that the region of residence of the children had no influence on the date of the first medical appointment at the outpatient unit, as 12.3% of the children living in Recife only showed up nearly a year after diagnosis.

It was also clear that the children living in cities/towns far from Recife started treatment in the first months of life, but regularly missed subsequent appointments. This result corroborates other studies,[@bib0075], [@bib0105] which suggests that the distance between the place of residence and the referral center, together with the cost of transportation and information on the disease and its treatment make it hard not to miss medical appointments.

The current study also shows that children with Hb SS (79.6%), the most severe form of the disease, were taken to the outpatient unit within the first six months of life. Such results have been confirmed by other studies.[@bib0110], [@bib0115], [@bib0120], [@bib0125] However, although these children started follow-up early, 26.2% regularly missed appointments or did not follow the treatment schedule properly. The same occurred in children with other hemoglobinopathies, such as Hb SC, Sβ thalassemia and Hb CC.

The reasons for children not going to the outpatient unit may be because of the difficulty to access the service, delayed diagnosis, a lack of understanding of the disease by the family and the asymptomatic character of the less severe types of hemoglobinopathies.[@bib0120], [@bib0125], [@bib0130]

The current study shows that indicators such as the level of schooling of parents, having a sibling with a hemoglobinopathy, and receipt of financial or family support have no influence on the time of the child\'s first medical appointment or on the regularity of return visits to the outpatient unit.

These data differ from the results of other studies,[@bib0095], [@bib0125], [@bib0135], [@bib0140] which showed the influence of socioeconomic status on the outpatient follow-up, continued prophylactics and treatment of the disease. This difference suggests that the quality of information about the disease and its treatment rather than the family\'s socioeconomic status may determine whether medical appointments will be missed or not.

An analysis of the number of pregnancies of mothers with children affected by the disease shows that this was the second child for most of them (64.2%) while 30.2% had no less than two other children with at least one with SCD. This result may reflect the parents' lack of understanding of genetic counseling on the probability of generating a sick child.

Some studies highlight the importance of training health care professionals on how to responsibly and clearly inform parents so that conscious reproductive decisions can be taken.[@bib0140], [@bib0145], [@bib0150]

The current study faced a number of limitations including insufficient information on socioeconomic aspects, difficulties in finding the clinical records for children who were in different neonatal screening units, and data collection from clinical records without using other sources such as interviews with users and professionals, which could have provided further data.

This study shows that a significant number of diagnosed children do not start follow-up at the referral center. Even those who received early treatment missed some subsequent medical appointments. In spite of parents having received genetic counseling, many children are born after the second pregnancy, which suggests that there is a lack of understanding on the part of the families in relation to the information provided by healthcare staff.

This demonstrates the need to decentralize follow-up services for the disease to other cities/towns in the State, to train teams of the government healthcare clinics on how to counsel families in respect to prevention and early treatment, and to change the procedures followed by children after diagnosis, so that parents will be more willing to visit the referral center.
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###### 

Region of residence and family income stratified by age at first medical appointment.

                                 Age on first medical appointment (months)                                                  
  ------------------------------ ------------------------------------------- ------ ---- ------ ---- ------ --- ----- ----- -------
  *Region of residence*                                                                                                     
   Recife                        58                                          79.5   6    8.2    9    12.3   0   0.0   73    100.0
   Greater Recife                75                                          78.9   9    9.5    8    8.4    3   3.2   95    100.0
   Zona da Mata                  34                                          81.0   6    14.3   2    4.8    0   0.0   42    100.0
   Agreste                       25                                          73.5   8    23.5   0    0.0    1   2.9   34    100.0
   Sertão                        12                                          85.7   1    7.1    1    7.1    0   7.1   14    100.0
  São Francisco Valley           16                                          94.1   1    5.9    0    0.0    0   0.0   17    100.0
                                                                                                                            
  *Family Income (min. wages)*                                                                                              
   0--1.0                        145                                         78.8   25   13.6   12   6.5    2   1.1   184   100.0
   1.01--2.0                     51                                          79.7   6    9.4    6    9.4    1   1.6   64    100.0
   Over 2.0                      21                                          95.5   0    0.0    1    4.5    0   0.0   22    100.0

Note: Information on family income was missing from five medical records.

###### 

Regular return visits to referral center for medical appointments by type of hemoglobinopathy.

                                   Type of hemoglobinopathy                                               
  -------------------------------- -------------------------- ------- ------ ------- ------ ------- ----- -------
  *Regular medical appointments*                                                                          
   Yes                             141.0                      73.8    39.0   65.0    10.0   50.0    1.0   25.0
   No                              50.0                       26.2    21.0   35.0    10.0   50.0    3.0   75.0
   Total                           191                        100.0   60.0   100.0   20.0   100.0   4.0   100.0
